Characterizing genetic diversity and its distribution throughout species' ranges furthers our understanding about the adaptation and survival of wild species and ensures that genetic resources are available for study or potential use in research and breeding programs. Both in situ (i.e., preserving wild populations in their natural habitats) and ex situ approaches are important to the conservation of genetic resources (Bretting and Duvick, 1997; Dulloo et al., 1998; Merezhko, 1998; Nevo, 1998) . Most of our staple crops are native to other continents, which means that in situ conservation of wild crop relatives in America will have a limited role in the U.S. Dept. of AgricultureAgricultural Research Service (USDA-ARS) National Plant Germplasm System (NPGS). However, for wild crop relatives native to the United States, in situ conservation is desirable, since the populations would continue to be exposed to coevolution (host-pest/ pathogen), natural selection (environmental and biotic stresses), and other pressures (mutation, gene flow, and genetic drift) that are the keys to changing adaptations and diversities. The resulting genetic diversity in these populations of wild crop relatives is an underutilized reservoir of potentially novel resistances and tolerances (Burdon and Jarosz, 1989; Maxted et al., 1997; Zencirci et al. 1998) . In situ conservation can complement the existing ex situ collections in the NPGS.
The crop curator is the essential link in the NPGS between evolutionary conservation and utilization. In establishing in situ conservation programs, the curator will screen wild populations for genetic distinction throughout a species' range, prioritize the sampled populations as candidates for in situ conservation, arrange conservation agreements with landowners, and make the germplasm available to researchers and breeders. Where appropriate, curators need to implement in situ programs because the risk of losing native genetic resources increases with the habitat loss, land conversion, and changes in land use occurring across America (Waller, 1996) .
We undertook a 2-year project to examine the feasibility of establishing in situ conservation sites for three grape (Vitis L.) species native to the United States. The initial phase focused on rock grape (Vitis rupestris Scheele), a species of concern to conservationists because of extensive habitat loss. Out of seven rock grape populations proposed as in situ conservation sites, four were finally established as the first such conservation sites within the NPGS. In the final year of the project, work focused on populations of Caloosa grape (Vitis shuttleworthii House), an endemic to central and southern Florida, and sweet mountain grape (Vitis monticola Buckl.), an endemic on the Edwards Plateau in central Texas.
Caloosa and sweet mountain grapes are important to agriculture for breeding potential, but are not state-listed conservation concerns. Caloosa grape is reported as being resistant to Pierce's disease (Xylella fastidiosa Wells et al.), a virulent disease that prevents Vitis vinifera L. (i.e., the commercial wine and table grape species) from being grown in the southeastern United States (Banks et al., 1999; Loomis, 1958; Reisch and Pratt, 1996) . However, in the vineyard setting, the wild Caloosa grape may express differential susceptibility to Pierce's disease (J. Grinstead, Meramec and Vinewood Vitis Vineyards, Rolla, Mo., pers. comm., 1998). Caloosa grape has a globally threatened conservation status of vulnerable (Walter and Gillett, 1998) . Currently, the state of Florida does not monitor this species (B. Lenczewski, Environmental Reviewer, Florida Natural Areas Inventory, Tallahassee, Fla., pers. comm., 1997).
Although difficult to propagate, sweet mountain grape is tolerant to calcareous soils and to grape phylloxera (Daktulosphaira vitifoliae Fitch) and other diseases (Mullins et al., 1992; Reisch and Pratt, 1996; Wapshere and Helm, 1987) . Sweet mountain grape is not currently a species of concern in Texas (D. Scott, Texas Biol. and Conserv. Data System, Austin, Texas, pers. comm., 1998) . Both of these species are vulnerable to grazing and often occur only in fencerows where they escape herbivory. Additionally, frequent prescribed or recurrent burns (every 3 to 4 years) will eliminate Caloosa grape (herbarium specimens and personal observation, 1998). The objective of this study was to use molecular and morphological data to characterize populations throughout their ranges and propose in situ conservation sites, following a strategy initially used for rock grape populations.
ESTABLISHING IN SITU CONSERVATION SITES
Information on species' geographic distribution, ecological requirements, and phenology was necessary before beginning field sampling. Accurately identified herbarium sheets were examined from 13 herbaria for location information and morphologic measurements. Taxonomic identifications were based on Moore's treatment (1991; pers. comm., 1997) .
Historical locations were examined, and morphological measurements, DNA samples, and voucher specimens were collected (Fig. 1) . Up to 30 plants were randomly selected from each population to examine genetic differentiation. Three leaves from each genet (i.e., nonclonal individual plant) were collected and preserved with silica gel for later DNA extraction (Chase and Hills, 1991; Wang et al., 1996) .
In the laboratory, genomic DNA samples were screened with four simple sequence repeat (SSR) primer pairs (VVS2, VVS4, VVMD6, and VVMD7) following previously described methods (Lamboy and Alpha, 1998) . The data from each SSR locus were summarized for each population by four measures of genetic variation: number of alleles and genotypes per locus, percent heterozygous plants per locus, and polymorphic information content (PIC), which is the1-sum of the squares of all gene frequencies at a locus. Over all loci, the average heterozygosity and average PIC were calculated for each population alone and for all populations together.
Morphological characters, important to breeding and germplasm management, were measured on the clones of genets within populations. The continuous data (leaf length and width, petiole length, berry and bunch lengths and widths) were analyzed by multivariate analysis of variance (MANOVA), with the factors population and genet nested within population (SAS Institute Inc., 1997, PROC GLM). When significant differences in morphological traits were detected with MANOVA, posthoc analysis of variance (ANOVA) and multiple comparison tests were performed (SAS Institute Inc., 1997, PROC GLM). Chi-square tests using Fisher's exact tests were used to analyze the discrete data (leaf shape, leaf teeth shape, leaf sinus shape and width, leaf margin pubescence, tendril persistence, number of successive nodes with tendrils) (CYTEL Software Corp., 1996) .
RESULTS AND DISCUSSION
Morphological analysis. All morphological and molecular analyses were run separately for each species. The MANOVAs for the continuous variables indicated that morphological variation among and within the four populations of Caloosa grape and the five populations of sweet mountain grape were significant or highly significant (Table 1) . Subsequent ANOVA tests indicated significant differences for three variables: leaf length and width and petiole length ( Table 2 ). The means for 1) all four Caloosa grape populations and 2) three of the five sweet mountain grape populations (Guadelupe River State Park (S.P.), Hill Country State Natural Area (N.A.), and Mother Neff S.P., Texas) differed significantly (Table 3 ). Fisher's exact test revealed significant differences for four discrete characters (leaf teeth shape, sinus width and shape, and gender) among the Caloosa grape populations and for three characters (leaf teeth shape, sinus width, and gender) among the sweet mountain grape populations (Table 4) . Although morphology is determined by both genetic and environmental factors, the morphological analyses suggested that in situ conservation sites might be needed for all four Caloosa grape populations and for the three sweet mountain grape populations mentioned above.
Molecular analysis. The total number of different alleles for the four SSR loci ranged from one VVMD7 allele to nine VVS2 alleles for Caloosa grape and from one VVMD6 allele to 10 VVMD7 alleles for sweet mountain grape. (A summary of all alleles by populations is available upon request.) Levels of heterozygosity per locus averaged 21% for Caloosa grape populations, with a range from 0% to 71%, and an average of 53% for sweet mountain grape populations, with a range (Table 7) . Two sweet mountain grape populations (Guadelupe R. S.P. and Mother Neff S.P.) each contained six or more unique alleles. The unique alleles reflected geographically localized, non-overlapping genetic differences, which should be included when selecting populations to conserve (Schoen and Brown, 1993) . These two endemic grape species have different amounts of genetic diversity at these SSR loci. Rock grape that was evaluated in the first phase of our in situ conservation work was not an endemic; its range extended from Pennsylvania to Texas. Average heterozygosity across all loci and populations for rock grape was 45% with the average PIC of 0.53, which were similar to sweet mountain grape values (Pavek et al., unpublished) . However, Caloosa grape had lower amounts of genetic diversity than did either the endemic sweet mountain grape or the widespread rock grape.
--Vitis shuttleworthii --------------Vitis monticola ----
In an SSR study of 25 cultivars and wild species from the NPGS grape genetic resources collection, heterozygosity ranged from 0.46 to 0.82 with a mean of 0.63, and the PIC values were substantially higher, ranging from 0.88 to 0.96, with an average of 0.91 (Lamboy and Alpha, 1998) . Because the grape genetic resources collection holds a broad array of species and genotypes, that the study of 25 taxa yielded higher heterozygosity and PIC values than our study of only two taxa is not surprising.
Strategy for proposing preserves. The following criteria were used to designate potential populations of interest for establishing in situ conservation sites. We began with molecular markers and applied subsequent categories. 1) Molecular markers. Our goal was to preserve the maximum genetic diversity across the range of sweet mountain and Caloosa grapes. First, we chose the population with the largest number of alleles and genotypes, which was Hillsborough River S.P. for Caloosa grape, with 19 alleles and 20 genotypes, and Guadelupe River S.P. for sweet mountain grape, with 25 alleles and 28 genotypes. Second, we included populations that had alleles unique to this study. Each of the four Caloosa grape populations had unique alleles. Only one (Garner S.P.) of the five sweet mountain grape populations had no unique alleles and was excluded.
2) Morphology. We compared these eight, genetically distinct populations (four each of Caloosa grape and sweet mountain grape populations) with populations that were significantly different for morphological characters. All populations of Caloosa grape were significantly different from one another. For the remaining four sweet mountain grape populations, only three, Guadelupe River S.P., Hill Country State N.A., and Mother Neff S.P., had significant morphological differences.
3) Population size. The numbers of individuals within a population had to be sufficient to avoid the consequences of demographic stochasticity; i.e., actual number of different breeding pairs and wide swings in births and deaths. All populations of both species were locally abundant and sufficiently large. 4) Population integrity. The genetic integrity of the Caloosa or sweet mountain grape populations selected was not threatened by or compromised by human intervention through active movement of genets. All previously selected populations met this criterion. 5) Landholder. From our final list of proposed populations, the exclusion of populations from in situ preservation will occur if the landholding agency refuses to enter into a cooperative agreement. All proposed populations were on public lands; no lands needed to be purchased or conservation easements needed to be sought. We submitted cooperative agreements to the landholding agencies for their consideration. Land managers were asked to manage these populations by avoiding disruption or degradation of the habitats and ecosystems in which they occur.
These in situ conservation sites complement existing ex situ grape collections and do not replace them. Open-pollinated seed or budwood collected from the wild is held in the medium-term storage facilities of the NPGS repository in Geneva, N.Y. for distribution. In addition, seeds will be maintained at the USDA National Seed Storage Lab, Fort Collins, Colo., for long-term, back-up preservation. When needed, fresh propagules will be recollected from the in situ site instead of regenerating them at the repository.
PROPOSED IN SITU CONSERVATION SITES
The characterization of inter-and intra-population genetic variation by molecular and morphological methods determined which populations of Caloosa grape and sweet mountain grape were significant genetic resources. Not all populations of a species were necessarily designated as in situ conservation sites. Based on unique alleles or combinations of genotypes and significant morphological differences, we proposed four populations of Caloosa grape and three populations of sweet mountain grape as in situ conservation sites. The conservation management of these wild crop relatives is based on voluntary cooperation between NGRL and federal and state agencies. The curator will take effective action by monitoring populations annually, observing the specified conditions of the agreement, and distributing germplasm. These first NPGS in situ conservation sites preserve significant populations of rock, Caloosa, and sweet mountain grape.
